Monoclonal antibodies directed against four structural components of the ATCC strain C243 of parainftuenza virus type 3 were produced. The specific reaction of the antibodies with individual structural components was determined by radioimmune precipitation assay. In the collection of monoclonal antibodies, 21 reacted with the haemagglutinin-neuraminidase (HN) glycoprotein (mol. wt. 72000), eight with the fusion (F) glycoprotein (mol. wt. 64000), 27 with the nucleocapsid (NP) protein (mol. wt. 69000) and 24 with the matrix (M) protein (tool. wt. 40000). The F-specific monoclonal antibodies precipitated two proteins which were interpreted to represent intact F protein and the large cleavage product F1 (mol. wt. 52000). The numbers of epitopes were determined in a competition ELISA with the monoclonal antibodies. The epitopes found were six for the HN, two for the F, six for the NP and six for the M protein. The six groups of antibodies reacting with different epitopes on the HN molecule showed varying capacities to inhibit biological activities. Two exhibited high neutralization (NT), haemagglutination inhibition (HI) and haemolysis inhibition (HLI) activity. Three groups had somewhat lower NT, lower HI and no detectable HLI activity. One group showed no activity in these tests. Of the eight monoclonal antibodies directed to the F protein two had demonstrable HLI activity.
INTRODUCTION
The parainfluenza viruses belong to the family Paramyxoviridae in a genus together with mumps virus (Kingsbury et al., 1978) . Parainfluenza virus type 3 is considered to be the clinically most important virus among the parainfluenza viruses and represents one of the most common respiratory disease agents (Chanock & Parrott, 1965; Glezen et al., 1984; Mufson et al., 1970) . The virus causes lower respiratory tract infections in children, but in adults the infections are often sublinical or with mild symptoms in the upper respiratory tract (Muchmore et al., 1981 ; Wenzel et al., 1972) . Re-infections seem to be common, indicating short-lived immunity (Chanock et aL, 1961) . The virion is composed of at least six structural components: the large (L), haemagglutinin-neuraminidase (HN), fusion (F), phosphoprotein (P), nucleocapsid (NP) and matrix (M) proteins (Goswami & Russell, 1982; Guskey & Bergtrom, 1981 ; Jambou et al., 1985; Morein et al., 1983; S~nchez & Banerjee, 1985a, b; Storey et al., 1984; Wechsler et al., 1985) . Monoclonal antibodies have previously been prepared to two of these components, one directed against the NP ; four and 16 against the HN protein van Wyke Coelingh et al., 1985) . In this study monoclonal antibodies to the proteins of parainfluenza virus type 3 were prepared and characterized. Twenty-one, eight, 27 and 24 hybridoma antibody clones against the HN, F, NP and M proteins, respectively, were studied and the structural proteins were further characterized.
METHODS
Virus strains and cell culture. The ATCC strain C243 of parainfluenza virus type 3 was used for all experiments except that the SC-YN strain, kindly provided by Dr H. Shibuta, Tokyo, Japan (Shibuta et al., 1981) , was employed for preparation of antigen for the haernolysis inhibition (HLI) tests. A strain of canine distemper virus derived from the live Convac vaccine (Dumex) was used for ELISA controls and the Z strain of Sendai virus grown in embryonated eggs was used for cross-reaction studies. The viruses were prepared in Vero or HeLa cells. Cells were grown in Eagle's MEM (Flow Laboratories), containing 5~ newborn calf serum, penicillin and streptomycin. Confluent cells were infected at a multiplicity of infection of I p.f.u./cell. The virus was adsorbed for 45 rnin at 37 °C. Three to 4 days after infection, when cytopathic effects (c.p.e.) were extensive, the cells and viral material were harvested. For preparation of cell-associated virus the infected cells were pelleted at 1400 g for 5 min in a Sorvall high-speed centrifuge. Extracellular virions (ECV) were pelleted from the clarified supernatant in the same centrifuge at 27000 g for 90 min. Subsequently, they were purified on a discontinuous sucrose gradient (30/65~) and the interphase was collected, resuspended and pelleted as previously described (Orvell & Norrby, 1980) .
Radioimmune precipitation assay (RIPA). Radiolabelling of antigen for the RIPA was done for Sendai virus as described by Orvell & Grandien (1982) , and for parainfluenza virus type 3 as follows. Directly after infection and adsorption for 45 rnin at 37 °C on a rocker, 60 laCi/rnl [35S]rnethionine (New England Nuclear) in Eagle's MEM without methionine (Flow Laboratories) was added. Twenty-four to 48 h after labelling when c.p.e, was extensive the virus material was harvested. Labelling with D-[1,6-3H(N)]glucosamine was performed identically but using glucose-free Eagle's MEM (Flow Laboratories). The cell-associated antigen and the ECV were harvested, inhibitors [1 rnM-phenylmethylsulphonyl fluoride (PMSF) and 1 ~ trasylol aprotinin (TA)] were added, the cells and the purified ECV were disrupted on ice in RIPA buffer (2~ Triton X-100, 0.15 M-NaCI, 0-6 M-KCI, 0-5 mMMgCI2, 1 mM-PMSF, 1~ TA in 0.01 M-Tris-HC1 pH 7.8). The lysate was sonicated for 15 s on ice before centrifugation at 60 000g for 45 rain in a SW60 Beckman rotor and the supernatant was diluted in RIPA buffer and dispensed in Eppendorf tubes, 0-5 ml each. The amount of purified ECV and cell-associated virus material from one 175 cm-" bottle was adequate for 20 and 40 samples, respectively. To the samples 5 lal of hybridoma ascites was added, the tube shaken and kept on ice overnight. The antigen-antibody complexes were precipitated by adding 80 lal of a 1 : 1 slurry of Staphylococcus aureus Protein A bound to Sepharose CL-4B (Pharmacia) suspended in 0.15 M-NaCI in 0.01 M-Tris-HCI pH 7.4. The mixture was incubated on ice for 1 h with frequent vortex mixing (Sheshberadaran et al., 1983) . Subsequently, it was washed four times in RIPA washing buffer [1 ~ sodium deoxycholate (DOC), 1~ Triton X-100, 0.1~ SDS, 0-01 M-Tris-HCI, 0-15 M-NaCt, pH 7-4] and once in 0.01 MTris HCI with 0.15 M-NaC1, pH 7-4. After drying of the samples, RIPA sample buffer [2~ SDS, 3~ 2-mercaptoethanol, 0.1 ~ disodium EDTA and 10~ (v/v) glycerol in 0.0625 M-Tri~H3PO ~ pH 6.8, plus phenol red] was added to the tubes (70 lal/tube) and the samples were boiled for 3 to 5 min. The supernatant of the samples was then analysed by SDS-polyacrylamide gel electrophoresis with 10 or 12.5~ (w/v) acrylamide gels with 0.27 or 0"34~o (w/v) bisacrylamide, respectively (Laernmli, 1970; Sheshberadaran et al., 1983; Studier, 1973) . The gels were fixed in 10~ acetic acid and treated with Amplify (Arnersham) for 30 rnin before drying on a Whatman 17 chromafilter paper. The dried gels were incubated with a Kodak X-Omat AR-5 film for an appropriate time, usually 1 week.
Serological tests. Haernagglutination inhibition (HI) and the haernolysis inhibition (HLI) tests have been described previously (Norrby, 1962; Norrby & Gollrnar, 1972) . Both human group O blood and guinea-pig blood were used for screening of all clones in these tests. The HI test was performed at 4 °C and the HLI test at 37 °C. The neutralization capacity of the monoclonal antibodies was tested by use of a plaque reduction assay (NT) using the ATCC C243 strain of parainfluenza virus type 3. This was performed by incubating dilutions of ascites in 250 I11 phosphate-buffered saline (PBS) with approximately 150 p.f.u, of virus in 250 lal PBS for 1 h at 37 °C. Then 100/.tl of the mixture was incubated 45 rnin at room temperature on a confluent monolayer of Vero ceils in a 35 mm Petri dish (Nunc). The cells were overlaid with 3 ml 0.5 ~ agar in HEPES-buffered medium with 5 ~ foetal calf serum. The plaques were counted 2 days after infection as previously described ((3rvell & Grandien, 1982; van Wyke Coelingh et al., 1985) .
ELISA was used for screening of hybridoma clones, for determination of antibody concentration in the ascites fluid and for determination of antibody class and subclass specificity of the monoclonal antibodies and in competition experiments. The tests were performed in rnicrotitre plates and coated with 20 lag purified virions per ml, using previously described techniques and materials (Orvell, 1984) . Analysis of antibody specificity with ELISA competition experiments was done as in earlier studies (Orvell & Grandien, 1982; Wilson & Nakane, 1978) with peroxidase-conjugated monoclonal antibodies.
Immunofluorescence analysis. Parainfluenza virus type 3 was grown in Vero cells on microscope slides. When c.p.e, was extensive the slides were fixed in cold acetone (-20 °C) for 10 min. Staining of the slides was done as previously described (Kristensson et al., 1983 ) using a 1:25 dilution of the ascites fluid. Goat anti-mouse antibodies labelled with fluorescein were purchased from Nordic Immunological Laboratories, Tilburg, The Netherlands.
Production and isolation ofhybridoma cell lines. The immunization of mice, fusion of mouse spleen cells with Sp2/0-Ag-14 myeloma cells was performed as described earlier (K6hler & Milstein, 1975; Orvell & Grandien, 1982) . The culture supernatant of hybridoma clones was screened by ELISA. Antibody-positive clones were expanded and transferred to the abdominal cavity of Pristane-treated BALB/c mice. Ascites fluid was harvested 7 to 14 days after inoculation of ceils.
RESULTS

Specificity of ascites from mouse hybridoma cell lines
The ELISA technique was applied to assess the antibody activity of the ascites material prepared from selected hybridomas producing antibodies against parainfluenza virus type 3. Materials from 80 hybridomas that had an ELISA titre of i> 103, did not react with controls of purified canine distemper virus grown in Vero cells and showed distinct precipitates in RIPA were selected for further characterization.
Identification of structural proteins with monoclonal antibodies
Monoclonal antibodies that reacted with [35S]methionine-labelled cell-associated and purified extracellular virus material gave four different precipitation patterns in the R I P A ( Fig.  1 a, b) . Groups of monoclonal antibodies giving two of these patterns also reacted with [3H]glucosamine-labelled material in R I P A (Fig. 2) . A group of 21 antibodies designated on the basis of HI activity to be specific for the H N protein precipitated a [3H]glucosamine-labeUed band with a mol. wt. of 72 000 (72K) and three [35S]methionineqabelled bands of 72K, 69K and 55K. Another group comprising eight monoclonal antibodies precipitated two glycosylated proteins of 64K and 52K and two [3SS]methionine-labelled proteins of 64K and 52K. These antibodies were designated as being specific for the F protein, the 64K and 52K proteins interpreted to represent Fo and F~ (Scheid & Choppin, 1974) . Two precipitation patterns were seen only with [35S]methionine-labelled material. These were considered to represent p r e c i p i t a t i o n of the N P a n d M proteins. T h e 6 9 K p r o t e i n believed to be the N P p r o t e i n while the dominant protein bands in preparations from cell-associated antigen were 55K and 47K ( Fig. 1 a, b) . A second group of 24 antibodies precipitated a non-glycosylated protein of mol. wt. 40K from purified virions and a dominant 33K protein from cell-associated virus material ( Fig. 1 a, b) . Weaker precipitation bands of 69K, 55K, 47K and 38K were also observed. Some of these antibodies reacted with Sendai virus in ELISA and precipitated the M protein of [35S]-methionine-labelled purified Sendai virions in RIPA (data not shown). The 40K protein was thus considered to be the M protein.
Analysis of epitope specificity of monoclonal antibodies against different proteins
ELISA competition experiments were performed with 53 monoclonal antibodies against four structural proteins. The results are summarized in Tables 1 to 4. The anti-HN antibodies could be divided into six groups (Table 1) reacting with separate epitopes of the protein (Yewdell & Gerhard, 1981) . Group III showed the same reaction pattern as the group II antibodies which in addition competed with one antibody in group VI (no. 4678) indicating that these three epitopes may be located close together on the HN molecule (Table 1) . The single member of group V competed with three of four monoclonal antibodies in group IV and all antibodies in group VI, also suggesting proximity of location. The monoclonal antibodies specific for the F protein identified two non-overlapping epitopes (Table 2) . Eighteen anti-NP specific antibodies defined six epitopes on the NP protein. The group I reaction pattern overlapped with that of group II members (Table 3 ). The hybridomas producing M-specific antibodies could be divided into six different groups each defining separate epitopes. The reactivity of group I and II members overlapped partially and group IV members showed complete overlap with the reaction of group V members (Table 4) .
Determination of antibody class and subclass
Of the 80 hybridoma clones 36 were of subclass IgG1, 22 of subclass IgG2a, 17 of subclass IgG2b, three of subclass IgG3 and two of class IgM (Tables 1 to 4 list the class and subclass of 53 of the monoclonal antibodies).
Characterization of antibody clones by serological tests
Of 21 monoclonal antibodies reacting with the HN protein, 16 showed HI activity. All antibody clones precipitating glycosylated viral proteins were examined in the HLI test. The HI and HLI activity of the antibody clones tested in the ELISA competition assay are shown in Tables 5 and 6 . Eight antibodies directed against the HN protein and two clones, nos. 3283 and 4673, directed against the F protein gave HLI activity. In plaque reduction neutralization assays all antibodies giving HI showed activity (the selected antibodies are shown in Table 5 ) and one antibody of subclass IgG2b, no. 4673 against the F protein, neutralized at a low titre of 20 (Table 6 ).
Immunofluorescence pattern after staining of parainfluenza virus type 3-infected Vero cell cultures by monoclonal antibodies
Both the HN-and F-specific antibodies gave a widespread intracytoplasmic, coarsely granular and distinct cellular membrane staining pattern. The NP antibodies gave a staining pattern with conspicuous cytoplasmic spherical granules. Ascites containing anti-M antibodies gave a finely granulated intracytoplasmic and membrane staining pattern. Occasionally, large cytoplasmic inclusions were seen.
DISCUSSION
In this study 80 monoclonal antibodies against the proteins of parainfluenza virus type 3 were produced and characterized. These antibodies were used for defining functional and structural properties of proteins of the virus.
The HN protein was of tool. wt. 72K which is in agreement with data obtained in previous studies Guskey & Bergtrom, 1981 ; Morein et al., 1983; S~nchez & Banerjee, 1985 a; Storey et al., 1984; van Wyke Coelingh et aL, 1985; Wechsler et al., 1985) . The competition experiments revealed six epitopes on the HN protein, which supports the results of a recent study of neutralizing monoelonal antibodies reacting with this glycoprotein (van Wyke Coelingh et aL, 1985) . The antibodies represent two non-overlapping antigenic sites. The first site is composed of one epitope (I), which does not overlap with any other epitope and is also unique in its inability to inhibit any known biological activity of the virus. The second antigenic site is composed of five epitopes (II to VI). This site can be divided in two parts, one composed of two overlapping epitopes (II and III) which have similar capacities to inhibit HA, haemolysis and infectivity. The other part is composed of three epitopes (IV, V and VI) where epitope V overlaps with both epitopes IV and VI which in turn do not overlap. These weakly inhibit HA and infectivity, but do not inhibit haemolysis activity.
Two additional HN-specific bands were generally seen in RIPA with [35S]methioninelabelled material (see also L~ve et al., 1985) . These bands containing non-glycosylated proteins, 69K and 55K, may represent precursor material (see Rima, 1983) or breakdown products. The largest distinct F-specific protein had a tool. wt. of 64K which is in accordance with the value of 60K to 65K for the protein designated F0 in previous studies (Guskey & Bergtrom, 1981; Jambou et al., 1985; Sfinchez & Banerjee, 1985 a; Storey et al., 1984; Wechsler et al., 1985) . The 52K protein band precipitated by the anti-F monoelonal antibodies is probably the F, protein cleavage product (Jambou et al., 1985; Storey et al., 1984; Wechsler et al., 1985) . The NP protein was deduced to have a mol. wt. of 69K which is similar to previously published data Jambou et al., 1985; S~nchez & Banerjee, 1985b; Storey et al., 1984; Wechsler et al., 1985) . The co-precipitation of 55K and 47K proteins observed by us may be the 58K and 52K proteins designated NP~ and NP2 by Jambou et al. (1985) ; an NP-related protein of 56K has been synthesized in vitro by Sfinchez & Banerjee (1985b) . The (180K) and 87K weaker protein bands correspond well with the L and P proteins (Goswami & Russell, 1982; Jambou et al., 1985; S~inchez & Banerjee, 1985b; Storey et al., 1984; Wechsler et al., 1985) and may coprecipitate (Portner & Murti, 1985; Rima, 1983) . The protein designated M was found to have a tool. wt. of 40K. Because of the cross-reaction of several monoclonal antibodies with Sendai virus M protein, it was possible to determine the identity of the 40K M protein of parainfluenza virus type 3 in addition to the specificity of the antibody clones. Other studies have found the assumed M protein to have a mol. wt. of 34K to 40K (Goswami & Russell, 1982; Guskey & Bergtrom, 1981 ; Jambou et al., 1985; Morein et al., 1983; S~.nchez & Banerjee, 1985 b; Storey et al., 1984; Wechsler et al., 1985) . The reason for the difference between cell lysates and purified virions in the mol. wt. of the M protein is not clear. This may be due to more breakdown of virus material in cell lysates, or that the M protein exists intracellularly predominantly as a 33K precursor protein. A weak 69K NP band was precipitated with all anti-M monoclonal antibodies (see Rima, 1983) and occasionally also with the anti-F and anti-HN antibodies. This is probably due to non-specific sticking of the NP protein to the S. aureus Protein A or to the other viral proteins (Portner & Murti, 1985) . The 38K protein is similar to a protein believed to be a breakdown product of the M protein in other paramyxovirus studies (l_,6ve et al., 1985; Sheshberadaran et al., 1983) .
Among the different parainttuenza viruses types 1 and 3 show antigenic relationships . In this context it can be noted that the relative molecular weight in SDS-polyacrylamide gels of most homologous structural proteins of parainfluenza virus types 1 (Lamb et al., 1976 ) and 3 are in agreement. The main exception appears to be the relatively higher molecular weight of the NP protein of parainfluenza virus type 3.
In this study many of the monoclonal antibodies against the HN protein and one monoclonal antibody against the F protein showed neutralizing activity in a plaque neutralization assay. This finding is consistent with previous observations (see . Plaque neutralization activity has been observed with some monoclonal antibodies against the F proteins of parainfluenza virus type 1 (Sendai virus) (Orvell & Grandien, 1982) , Newcastle disease virus and measles virus (Sato et al., 1985) . No corresponding activity has been seen with monoclonal antibodies against the F protein of mumps virus (Orvell, 1984) . In other kinds of in vitro neutralization assays no inhibition was seen with monoclonal antibodies against the F protein of any parainfluenza or morbillivirus (see Orvell & Grandien, 1982) . However, polyclonal F-specific antisera to the simian parainfluenza virus 5 and measles virus give a low neutralization regardless of the test system used (Merz et al., 1981 ; Varsanyi et al., 1984) . It should be noted that monoclonal antibodies against the F protein that do not neutralize in vitro may protect animals in passive immunization experiments (I_6ve et al., 1986; t3rvell & Grandien, 1982) .
This collection of monoclonal antibodies may be useful for further studies of the immunobiology of parainfluenza virus type 3 structural components. Differences between viral strains can be identified and relationships between different viral serotypes can be substantiated by their use. Identification of gene products and purification of proteins are other examples of their potential usefulness. Monoclonal antibodies are also likely to prove very useful for diagnostic purposes,
